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(54) Survivable optical network 

(57) A first object of the invention of the present 
application is to provide an optical network capable of 
flexibly performing a choice of protection optical paths 
(7) upon the occurrence of a failure without depending 
on an installation form of an optical transmission line, 
e.g., an optical fiber. A second object of the invention of 
the present application is to allow an improvement in the 
efficiency of use of an optica! transmission line, e.g., an 
optical fiber employed in an optical network. 

The invention of the present application provides a 
wavelength division multiplexing transmission optical 
network having at least a plurality of pieces of transmis- 
sion equipment (9) and a plurality of optical paths con- 
necting the transmission equipment (9) and wherein 
wavelengths of predetermined transmission light are 
assigned to the optical paths and a transmission frame 
having overhead information is at least used to perform 
digital transmission. The plurality of optical paths 
include optical paths which connect the plurality of 
pieces of transmission equipment (9) in a straight chain 
form. Since the optical network is not affected by the 
installation for of the optical fiber, the optical paths can 
be flexibly strung according to the capacity of a traffic. It 
is also possible to cause the selection of the protection 
optical paths (7) at the failure to have flexibility and per- 
form high-speed switching. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

[0001] The present invention relates to an optical net- 
work. Particularly, the present invention relates to an 
optical network using a wavelength-division multiplexing 
transmission system or a time-division multiplexing 
transmission system. 

Description of the Related Art: 

[0002] In order to improve the reliability of circuit serv- 
ice, a network has recently been proposed which is 
capable of healing a signal of a failure developed in an 
optica! network. The circuit failure includes an uninten- 
tional cutoff of a transmission line, signal degradation, 
repeater's trouble, etc. This type of optical network is 
normally designed so as to automatically detect the cir- 
cuit failure and automatically perform switching between 
transmission lines. Such an optical network is called 
"survival network". 

[0003] There is also provided a survival network capa- 
ble of performing switching to an SDH system or a 
SONET system corresponding to a synchronous net- 
work in particular to improve the healing capability of 
such a transmission network. The SDH system is an 
abbreviation of the Synchronous Digital Hierarchy Sys- 
tem. Further, the SONET system is short for the Syn- 
chronous Optical Network. 

[0004] As examples of its use, there are known (1) a 
1:N type NPS (Nested Protection Switching) system 
which performs switching between a plurality of working 
lines and a plurality of protection lines, (2) a 4Fiber type 
BLSR (Bidirectional Line Switching Ring) system con- 
nected in a ring form by working lines and protection 
lines, etc. 

[0005] The former example is described in, for exam- 
ple, Fiber Network Service Survivability, 1992 Artech 
House, INC.and T1X 1.5/90- 132. The latter example is 
described in Bellcore SONET BLSR Genertic Criteria 
GR-1230-CORE, 1993. 

[0006] FIG. 2 is a diagram for describing the 1 :N type 
NPS system. In FIG. 2, reference numerals 101 through 
104 indicate transmission equipment respectively. 
Working lines 105 through 108 indicate bidirectional 
lines respectively. The bidirectional lines described 
herein are formed by two optical fibers. In FIG. 2, the 
bidirectional lines are shown by arrows indicated by 
bidirectional solid lines corresponding to respective one 
reference numerals. 

[0007] The example shown in FIG. 2 has the following 
connections. The working line 105 is connected to ter- 
minating equipment 112 lying in the transmission equip- 
ment 101 and an add-drop multiplexer (branch-insertion 
equipment) lying in the transmission equipment 102. 



The line is connected to the terminating equipment or 
add-drop multiplexer by using an optical transmitter on 
the transmitting side and using an optical receiver on 
the receiving side. Further, the working line 105 is con- 

5 nected to the working line 106 through the add-drop 
multiplexer lying in the transmission equipment 102. 
The working line 107 is connected to the transmission 
equipment 102 and terminating equipment lying in the 
transmission equipment 104. The working line 107 is 

10 relayed by the transmission equipment 103. Reference 
numeral 1 13 indicates a repeater. Namely, the transmis- 
sion equipment 103 does not have the ability to switch 
the bidirectional line 107 to a protection line. On the 
other hand, protection lines 109 through 111 are indi- 

? 5 cated by dotted lines in FIG. 2 respectively The protec- 
tion lines 109 through 111 connect all the transmission 
equipment 101 through 104 to one another through the 
use of the add-drop multiplexers within the respective 
transmission equipment. The respective transmission 

20 equipment have the ability to switch the working tines to 
the protection lines, respectively. 
[0008] An example of switching to be done by the NPS 
system will next be described. A description will be 
made of how to perform switching when a failure occurs 

25 in the bidirectional line 107, for instance. Since the bidi- 
rectional line 107 is terminated by the transmission 
equipment 102 and the transmission equipment 104, 
these transmission equipment respectively have the 
ability to perform line switching. Therefore, when the 

30 failure occurs in the bidirectional line 107, the transmis- 
sion of a signal is done using the protection line 110 and 
the protection line 111. The 1:N type NPS system 
shown in FIG. 2 lays or strings the working lines accord- 
ing to the capacity of a traffic (main signal) and can 

35 select the corresponding add-drop multiplexer or 
repeater within each transmission equipment. 
[0009] FIG. 3 is a diagram for describing the 4Fiber 
type BLSR system. In FIG. 3, reference numerals 201 
through 204 indicate transmission equipment respec- 

40 tively. Working lines 221 through 224 and protection 
lines 21 1 through 214 are respectively connected to one 
another in a ring form through add-drop multiplexers 
within the transmission equipment. The respective 
transmission equipment have the ability to switch the 

45 working lines to the protection lines, respectively. 

[0010] A description will be made of a basic operation 
of the 4Fiber type BLSR system, which is related to line 
switching for a circuit failure. When a failure occurs in 
the working line 221 in FIG. 3, the transmission equip- 

50 ment 201 and 202 perform bidirectional line switching 
and thereby heals a signal through the use of the pro- 
tection line 21 1 . When failures occur in both the working 
line 221 and the protection line 21 1 , i.e., failures such as 
a cable cut, etc. occur, a diverse route characterized by 

55 the ring type network is utilized. Namely, the 4Fiber type 
BLSR system performs line switching by means of the 
transmission equipment 201 and 202 to thereby allow 
the healing of a signal through the use of the protection 
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lines 212 through 214. The method of healing the signal 
by the ring type in this way is characterized in that two 
clockwise and counterclockwise routes can be selected. 
The present 4Fiber BLSR system is provided by GR- 
1230-CORE. 

SUMMARY OF THE INVENTION 

[0011] The conventional survival network performs 
line switching to heal a traffic with a view toward healing 
failures such as a cable cut, cutting-off of an optical fiber 
and a breakdown in optical transmit-receive unit, etc. 
[0012] However, the above-described 1:N NPS sys- 
tem needs an optical fiber according to the demand for 
traffics. However, when the number of optical fibers is 
insufficient, the system needs to additionally increase 
optical fibers between transmission equipment and 
thereby involves great installation cost. 
[001 3] The above-described BLSR system has the fol- 
lowing drawbacks. Since the BLSR is of a 1:1 system, 
protection lines corresponding to transmission capacity 
of working lines must be installed. Accordingly, the 
capacity of the maximum traffic, which is necessary for 
an optical span, results in the total capacity of the ring. 
When only a traffic between the transmission equip- 
ment 201 and 202 takes the maximum capacitance 
value in the network in FIG. 3, for example, the entire 
ring must be set to the maximum capacitance value as 
well as to the maximum capacitance value of the work- 
ing line 221. Namely, as the traffic concentrates on a 
given span in the ring, a problem occurs in use effi- 
ciency and economy. 

[0014] Since the survival network needs the optical 
fibers corresponding to the transmission capacity due to 
fueling of an additional demand as described above, the 
cost of increasing the optical fibers and the efficiency of 
use of each optical fiber turn into problems. 
[0015] The invention of the present application has 
been made to solve the above-described various prob- 
lems. 

[0016] A first object of the invention of the present 
application is to provide an optical network capable of 
flexibly selecting protection optical paths upon the 
occurrence of a failure without depending on the form of 
installation of an optical transmission line, e.g., an opti- 
cal fiber. 

[001 7] A second object of the invention of the present 
application is to improve the efficiency of use of an opti- 
cal transmission line, e.g., an optical fiber employed in 
an optical network. 

[0018] A summary of a basic form of the invention of 
the present application will be briefly described. Sum- 
maries of respective various forms of the present inven- 
tion disclosed in the specification of the present 
application will next be explained. 



< Summary of configuration of optical network according 
to the invention of the present application) 

[0019] A typical optical network according to the 

5 invention of the present application is an optical network 
having at least a plurality of pieces of transmission 
equipment, and a plurality of optical paths connecting 
the plurality of pieces of transmission equipment and 
wherein wavelengths of predetermined transmission 

10 light are assigned to the optical paths to perform wave- 
length-division multiplexing digital transmission, and the 
plurality of optical paths include optical paths which con- 
nect the plurality of pieces of transmission equipment in 
a straight chain form. 

15 [0020] More specific configurations of optical net- 
works according to the inventions of the present appli- 
cation will further be illustrated by way of example as 
follows. These various inventions of the present applica- 
tion can provide so-called self-healing optical networks. 

20 [0021] There is provided a wavelength division multi- 
plexing transmission optical network having at least a 
plurality of pieces of transmission equipment, and a plu- 
rality of optical paths which connect the plurality of 
pieces of transmission equipment and wherein the plu- 

25 rality of optical paths are assigned wavelengths of pre- 
determined transmission light and at least a 
transmission frame having overhead information or an 
overhead is used to perform digital transmission, and 
the plurality of optical paths include optical paths which 

30 connect the plurality of pieces of transmission equip- 
ment in a straight chain form. 

[0022] Namely, the essential point of the wavelength 
division multiplexing transmission optical network 
resides in that the optical paths connected in the 

35 straight chain form are constructed so as to be available 
as protection optical paths. Thus, when a failure occurs 
in so-called mesh-like working optical paths, they can 
be healed with the protection optical paths. The optical 
network according to the invention of the present appli- 

40 cation can provide a so-called self-healing optical net- 
work. 

[0023] The invention of the present application can be 
applied to both a wavelength division multiplexing trans- 
mission system and a time-division multiplex transmis- 

45 sion system. 

[0024] An optical path of light allocated according to 
the selection of a wavelength or time division, is called 
("optical pathj . Namely, a logical connecting path for a 
lightwave signal corresponds to the ("optical pathj . On 

50 other hand, a physical connecting path constituting the 
optical path specifically is called [optical transmission 
linej . Described specifically, for example, an optical 
fiber is a typical example. Accordingly, a plurality of opti- 
cal paths can exist in one optical transmission line, for 

55 example. Namely, when the respective optical paths 
depend on the assignment of wavelengths, this commu- 
nication system is normally called "wavelength division 
multiplexind transmission". When the respective optical 
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paths are allocated according to the time division, this 
communication system is normally called "time division 
multiplexing". 

[0025] Incidentally, the overhead held by the transmis- 
sion frame indicates a region in which operation and 
maintenance information of the network are transferred. 
An automatic switching byte in the overhead is used to 
indicate both the transfer of a signal for controlling sys- 
tem switching between transmission terminals and 
alarm status with respect to breakdowns in a repeater 
and transmission equipment in a transmission system, 
and alarm status. 

[0026] Switching control information about a failure, 
failure information of respective optical paths, wave- 
length address information, etc. lying in the automatic 
switching byte are needed for the purpose of the selec- 
tion of the optical paths. While the transmission equip- 
ment are capable of performing digital transmission by 
at least using the transmission frame having the over- 
head, they have memory means which constitute wave- 
length address maps for storing therein at least optical 
multiplex information of the respective optical paths, 
e.g., the wavelength address information, and the failure 
information of the respective optical paths. In the case 
of the time division multiplex, the respective optical mul- 
tiplex information result in time-division address infor- 
mation. 

[0027] When a failure occurs in a working optical path, 
the switching control information about the failure and 
the wavelength address information are transferred or 
communicated between the transmission equipment 
based on information about the automatic switching 
byte in the overhead of the transmission frame, so that 
the corresponding optical path is switched over to 
another based on the switching information, the wave- 
length address information and the failure information. 
Incidentally, these specific examples will be described in 
the section of embodiments of the invention. 
[0028] In the optical network, the optical paths can be 
divided into the working optical path and the protection 
optical path according to its logical connections. In the 
present optical network, however, the respective optical 
paths themselves can play both working and protection 
roles according to instructions from the respective 
transmission equipment. The working optical path is an 
optical path for transmitting a desired signal, whereas 
the protection optical path may be considered to be a 
name of an optical path used when some failure occurs 
in each optical path. 

[0029] The invention of the present application is 
extremely useful for application to the typified SONET or 
SDH network known heretofore as the basic configura- 
tion of the optical network. In the SONET or SDH net- 
work, the byte for automatic switching is called "APS 
(Automatic Protection Switching) byte" and normally 
comprises two regions of K1 and K2. The details of the 
APS byte will be described later. 

[0030] Summaries of various forms of the invention of 



the present application, which are disclosed in the spec- 
ification of the present application, will next be listed. 
[0031] A basic idea of an optical network according to 
the present invention is that when a failure occurs in a 

5 working optical path, switching information including 
wavelength address information is communicated 
between transmission equipment and a signal is healed 
through the use of a protection optical path. However, 
the following forms are considered as optical networks 

w for facilitating the forms thereof and performing switch- 
ing at high speed and with ease. 

(1) The optical network has at least protection opti- 
cal paths which connect the transmission equip- 

15 ment in a ring form. 

(2) The optical network has at least protection opti- 
cal paths which connect the transmission equip- 
ment in a straight chain form. 

(3) The optical network includes at least two or 
20 more optical paths per optical transmission line. 

This form improves the efficiency of use of an opti- 
cal fiber and enhances flexibility without depending 
on a physical form such as the optical fiber or the 
like. 

25 (4) As an optical network form of the present inven- 
tion, the optical network of the present application 
may include at least two or more ring networks con- 
structed by the working optical paths. 
(5) The basic operation of the wavelength division 

30 multiplexing optical network according to the inven- 
tion of the present application is summarized as fol- 
lows: The wavelength division multiplexing optical 
network according to the invention of the present 
application is a wavelength division multiplexing 

35 survival network having a plurality of pieces of 
transmission equipment, and optical paths which 
connect the plurality of pieces of transmission 
equipment and are assigned optical wavelengths 
and wherein at least a transmission frame having 

40 an overhead is used to perform digital transmission. 
Each of the transmission equipment has memory 
means constituting a wavelength address map for 
storing therein at least wavelength address infor- 
mation of each optical path and failure information 

45 of each optical path. When a failure occurs in the 
working optical path, switching control information 
about the failure and wavelength address informa- 
tion are communicated between the transmission 
equipment based on an automatic protection 

so switching byte lying in the overhead of the transmis- 
sion frame, so that the faulty working optical path is 
switched over to the proper optical path based on 
the switching information, the wavelength address 
information and the failure information. 

55 When the working optical paths and protection 

paths as optical paths are logically connected the 
transmission equipment to each other, the wave- 
length division multiplexing survival network can be 
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constructed so that the working optical paths are 
respectively switched over to the protection optical 
paths based on the switching information, the 
wavelength address information and the failure 
information. 5 

(6) There is provided the wavelength division multi- 
plexing survival network as described in the items 
(1) through (5) wherein the above-described wave- 
length division multiplexing survival network 
includes at least two or more optical paths per opti- 10 
cal transmission line. 

(7) There is provided the wavelength division multi- 
plexing survival network as described in the items 
(1) through (6) wherein the switching information 
includes at least wavelength addresses for working is 
optical paths and switched states of transmission 
equipment. 

(8) There is provided the wavelength division multi- 
plexing survival network as described in the items 

(1) through (7) wherein the switching information 20 
includes at least wavelength addresses for working 
optical paths highest in importance and switching 
states of transmission equipment. 

(9) There is provided the wavelength division multi- 
plexing survival network as described in the items 25 
(1) through (7) wherein the switching information 
includes at least numbers of working optical paths 
highest in importance, numbers of transmission 
equipment which transmitted the switching informa- 
tion, and switched states of the transmission equip- 30 
ment. 

(10) There is provided the wavelength division mul- 
tiplexing survival network as described in the items 
(1) through (7) wherein the above-described wave- 
length division multiplexing survival network 35 
includes at least two or more ring networks con- 
structed by the working optical paths. 

(11) There is provided an optical network, compris- 
ing at least: a plurality of pieces of transmission 
equipment; and a plurality of optical paths which 40 
connect said plurality of pieces of transmission 
equipment to one another; wherein said optical 
paths are used as working optical paths or protec- 
tion optical paths, and wavelengths of predeter- 
mined transmission light are assigned to said 45 
optical paths to perform wavelength division multi- 
plexing digital transmission, and said plurality of 
optical paths have optical paths which connect said 
plurality of pieces of transmission equipment in a 
straight chain form. so 

(12) Furthermore, there is provided the optical net- 
work according to item (11), further including at 
least optical paths connecting said transmission 
equipment in a ring form and wherein said optical 
paths are capable of being used as protection opti- 55 
cal paths. 

(13) Furthermore there is provided the optical net- 
work according to item (11), further including at 



least optical paths connecting said transmission 
equipment in a straight chain form, and wherein 
said optical paths are capable of being used as pro- 
tection optical paths. 

(14) Furthermore there is provided the optical net- 
work according to item (12), wherein said optical 
paths connect a plurality of said transmission 
equipment in form of mesh-like and said optical 
paths are served as a working line. 

(15) Furthermore there is provided the optical net- 
work according to item (13), wherein said optical 
paths connect plurality of said transmission equip- 
ments in form of mesh-like and said optical paths 
are served as a working line. 

(16) There is provided a time-division multiplex 
transmission optical network, comprising at least: a 
plurality of pieces of transmission equipment; and a 
plurality of optical paths which connect said plurality 
of pieces of transmission equipment to one another, 
wherein said optical paths are used as working opti- 
cal paths or protection optical paths, and said plu- 
rality of optical paths are assigned predetermined 
time division multiplex signals and at least a trans- 
mission frame having overhead information is used 
to perform digital transmission, and said plurality of 
optical paths include optical paths which connect 
said plurality of pieces of transmission equipment in 
a straight chain form. 

(17) Furthermore there is provided the optical net- 
work according to item (16), further including at 
least optical paths connecting said plurality of 
pieces of transmission equipment in a ring form, 
and wherein said optical paths are capable of being 
used as protection optical paths. 

(18) Furthermore there is provided the optical net- 
work according to item (16), further including at 
least optical paths connecting said plurality of 
pieces of transmission equipment in a straight 
chain form, and wherein said optical paths are 
capable of being used as protection optica! paths. 

(19) Furthermore there is provided the optical net- 
work according to item (17), wherein said optical 
paths connect plurality of said transmission equip- 
ments in form of mesh-like and said optical paths 
are served as a working line. 

(20) Furthermore there is provided the optical net- 
work according to item (18), wherein said optical 
paths connect plurality of said transmission equip- 
ments in form of mesh-like and said optical paths 
are served as a working line. 

[0032] The feature, the optical paths connect plurality 
of said transmission equipments in form of mesh-like 
and said optical paths are served as a working line, is 
more useful for many other modes of the present inven- 
tion. 
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(Typical example of switching determining steps of opti- 
cal network according to the invention of the present 
application) 

[0033] A network for implementing communications in 
switching information in an optical network of the 
present invention is as follows: 

[0034] There is provided a wavelength division multi- 
plexing survival network having at least several pieces 
of transmission equipment, working optical paths which 
connect the transmission equipment to one another and 
are assigned optical wavelengths, and protection optical 
paths which connect the transmission equipment to one 
another and are assigned optical wavelengths and 
wherein each of the transmission equipment has mem- 
ory means constituting a wavelength address map for 
storing therein at least information of wavelength 
addresses and failure information on the respective 
optical paths, and performs digital transmission by using 
at least a transmission frame having an overhead, 
which comprises the following switching determining 
steps shown by way of example. 

(1) Step 1: a step for determining whether an auto- 
matic protection switching byte of the overhead 
shows a failure pattern. 

(2) Step 2: a step for determining whether the auto- 
matic protection switching byte of the overhead is 
destined for the transmission equipment which 
received the same. 

(3) Step 3: a step for starting a switching operation 
when the automatic protection switching byte is 
destined for the transmission equipment which 
received the same. 

(4) Step 4: a step for transferring the automatic pro- 
tection switching byte when the automatic protec- 
tion switching byte is not destined for the 
transmission equipment which received the same. 

< Summary of transmission equipment > 

[0035] The logical configuration of the optical network 
has centrally been described up to now. A summary of 
a specific physical configu rational example of the logic 
configuration will next be explained. More specific and 
practical configurations of such equipment will be 
described in the section of the embodiments of the 
invention. 

[0036] An example of an optical network according to 
the invention of the present application is shown in FIG. 
5. It is needless to say that the invention of the present 
application is not limited to this example. The wave- 
length division multiplexing survival network comprises 
transmission equipment 11 through 14, optical fibers 15 
through 18, optical path add-drop multiplexers 21 
through 24, protection optical paths 31 through 34, and 
working optical paths 41, 42, 44-1 and 44-2. In FIG. 5, 
the optical paths show bidirectional optical paths. Since, 



however, the same optical fiber is used in the example, 
the bidirectional optical paths make use of different opti- 
cal wavelengths. 

[0037] Each of the transmission equipment is con- 
5 structed so as to contain the following elements. Refer- 
ence numeral 9 in FIG. 1 shows this example. It has at 
least (1) transmit-receive units 5 and 6 for the optical 
paths, (2) control means 3 for optical transmission, and 
(3) path switching means or units 4. Further, the control 
w means 3 has a wavelength address map 2 used as 
memory means for storing wavelength address informa- 
tion about the optical paths and failure information 
about the optical paths therein, and overhead process- 
ing means or units 1 . The wavelength division multiplex- 
15 ing survival network is connected in a ring form by the 
protection optical paths 31 through 34 through optical 
path add-drop functions. The working optical path 41 is 
terminated by the transmission equipment 11 and 12. 
[0038] The respective transmission equipment 11 
20 through 14 have optical transmit-receive units and add- 
drop functions for the optical paths, respectively The 
respective transmission equipment have the ability to 
perform optical-path switching, based on the functions 
respectively. This switching is done by the path switch- 
es ing units 4. 

[0039] The optical path add-drop multiplexer is optical 
equipment which is comprised principally of a wave- 
length-division multiplexer (WDM), an optical crosscon- 
nect, an optical repeater, an optical filter, an optical 
30 switch or optical circulator, etc. This equipment corre- 
sponds to a piece of equipment capable of selecting an 
arbitrary optical wavelength and providing add (Add: 
insertion), drop (Drop: branch) and through (Through: 
pass). 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] While the specification concludes with claims 
particularly pointing out and distinctly claiming the sub- 

40 ject matter which is regarded as the invention, it is 
believed that the invention, the objects and features of 
the invention and further objects, features and advan- 
tages thereof will be better understood from the follow- 
ing description taken in connection with the 

45 accompanying drawings in which: 

FIG. 1 is a diagram showing a schematic configura- 
tion of the present invention; 
FIG. 2 is a diagram for describing a 1:N type NPS 
so system; 

FIG. 3 is a diagram for describing a 4 Fiber type 
BLSR; 

FIG. 4 is a diagram showing an example of a format 
for an APS byte; 
55 FIG. 5 is a diagram illustrating an example of a 
wavelength division multiplexing survival network of 
the present invention; 

FIG. 6 is a diagram depicting an example of optical 
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path add-drop multiplexer related to the present 
invention; 

FIG. 7 is a diagram showing another example of the 
wavelength division multiplexing survival network of 
the present invention; 

FIG. 8 is a diagram illustrating a further example of 
the wavelength division multiplexing survival net- 
work of the present invention; 
FIG. 9 is a diagram depicting a still further example 
of the wavelength division multiplexing survival net- 
work of the present invention; 
FIG. 1 0 is a diagram showing an example of the use 
of a wavelength address map employed in the 
present invention; 

FIG. 11 is a diagram for describing how to use 
wavelength addresses related to the present inven- 
tion; 

FIG. 12 is a diagram for describing the process of 
handling an APS byte employed in the present 
invention through a flowchart; and 
FIG. 13 is a diagram showing an example of a tim- 
ing chart for an APS byte employed in the present 
invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0041] A basic idea of the present invention provides 
a wavelength division multiplexing survival network 
wherein when a failure occurs in a working optical path, 
switching control information including wavelength 
addresses is mutually transmitted or communicated 
between respective transmission equipment and opti- 
cal-path switching is done based on the switching con- 
trol information so that a signal transmitted through the 
working optical path is transmitted through a spare or 
protection optical path. 

[0042] Incidentally, paths for a large number of lights 
transmitted in wavelength-division multiplex form exit 
within one optical fiber as will be understood from the 
following specific examples. 

[0043] The term protection optical paths described in 
the specification of the present application are optical 
paths switched upon occurrence of the failure as 
described above. Namely, the protection optical path is 
named where a spare or protection role is given thereto 
and is not intended for an optical path fixedly provided 
specially as the protection optical path. Thus, when no 
failure occurs in the working optical path, the protection 
optical path can be also used to transmit a signal there- 
through. Both the working optical path and the protec- 
tion optical path are the same from the viewpoint of 
information transmission. In other words, when priorities 
are assigned to all the working optical paths, the work- 
ing optical paths given lower priorities can be also called 
spare or protection optical paths. 
[0044] Namely, when a failure occurs in a working 
optical path given a higher priority, a signal for the opti- 



cal path given the higher priority is relieved or healed 
using a working optical path given a lower priority. At 
this time, a signal for the working optical path given the 
lower priority cannot be transmitted as a matter of 
5 course. 

[0045] FIG. 1 is a diagram showing a schematic con- 
figuration of the present invention. The schematic con- 
figuration is one example for describing the principle of 
a wavelength division multiplexing survival network. The 
10 wavelength division multiplexing survival network 
related to the present invention includes the following 
elements. 

[0046] The example shown in FIG. 1 illustrates an 
optical network comprising seven pieces of transmis- 

15 sion equipment 9. The present drawing shows only log- 
ical connections of optical paths. The respective 
transmission equipment 9 are optically connected to 
one another by optical paths 7 and optical paths 8. In 
the present example, the optical paths 8 indicated by 

20 solid lines are used as working optical paths, whereas 
the optical paths 7 indicated by dotted lines are used as 
protection optical paths, respectively 
[0047] Each transmission equipment 9 shown as its 
typical example in FIG. 1 is constructed so as to include 

25 the following elements. Namely, the transmission equip- 
ment 9 has at least (1) transmit-receive units 5 and 6 for 
the optical paths, (2) optical-path switching control 
means 3, and (3) path switching means or units 4. Fur- 
ther, the control means 3 has a wavelength address 

30 map 2 used as memory means for storing wavelength 
address information about the optical paths and failure 
information about the optical paths therein, and over- 
head processing means or units 1. 
[0048] The switching overhead processing means or 

35 units 1 normally comprises a CPU (Central Processing 
Unit). The overhead processing units 1 executes 
processing for various requests by which overheads 
have been required of it. Namely, the overhead process- 
ing means 1 performs an overhead analysis while refer- 

40 ring to switching information within each overhead, 
detected failure information, information in a wavelength 
address map storing wavelength address information 
and the like therein thereby to perform a switching deci- 
sion or the like. 

45 [0049] In the example shown in FIG. 1, the transmit- 
receive units 6 correspond to transmit-receive units for 
working optical paths, and the transmit-receive units 5 
correspond to transmit-receive units for protection opti- 
cal paths, respectively. The working optical paths 8 are 

so transmitted and received by the working optical-path 
transmit-receive units 6 respectively. The protection 
optical paths 7 are transmitted and received by the pro- 
tection optical-path transmit-receive units 5 respectively. 
Further, the optical path transmit-receive units are 

55 respectively electrically connected to the path switching 
means or units 4 for performing switching between main 
signals. Incidentally, a specific configuration of each 
transmit-receive unit may be a normally-available one. 
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[0050] Each of signals for the optical paths 7 and 8 
has a main signal and an overhead. The details of the 
configuration of the signal will be described later. 
[0051] The operation of each transmission equipment 
at the time that a transmission failure occurs in each 5 
optical path, will next be explained. 
[0052] The optical path transm it-receive units 5 and 6 
supervise or monitor their corresponding optical paths 7 
and 8. When a transmission failure is detected, they 
send information about the transmission failure to the 
overhead processing units 1 lying in the control means 
3. Further, the optical path transmit-receive units 5 and 
6 receive therein overhead information lying in a frame 
of a signal transmitted from other transmission equip- 
ment and send the same to the overhead processing 
units 1. The overhead processing units 1 analyzes the 
overhead information while referring to the switching 
information lying in each overhead, the detected failure 
information and the information in the wavelength 
address map storing the wavelength address informa- 
tion, etc. therein to perform a switching decision, 
thereby executing processing for the overhead. Namely, 
the overhead processing units 1 performs a switching 
decision from switching information about an APS byte 
lying in an overhead of a received transmission frame 
and failure information notified from the optical path 
transmit-receive units 5 and 6 lying in the same node as 
the processing units. Further, the overhead processing 
units 1 determines whether a main signal should be 
switched to a protection optical path by the path switch- 
ing units 4. At this time, it determines by reference to the 
wavelength address map storing a connected state of a 
network and the present state of failure, etc. therein 
whether the main signal should be switched to the pro- 
tection optical path. The control means 1 gives a switch- 
ing instruction to the path switching units 4 based on the 
result of determination by the path processing units 1. 
Further, the overhead processing units 1 determines 
information about an APS byte to be transmitted based 
on the result of determination by the path processing 
units 1. Incidentally, the wavelength address map will be 
described later. 

[0053] While the automatic protection switching byte 
employed in the SONET or SDH network has been 
described above as called APS byte, the present byte 
normally consists of two regions: K1 and K2. A specific 
example illustrative of various assignments in the APS 
byte will be shown in FIG. 4. The K1 and K2 bytes have 
eight bits respectively. (1) Priorities given to failures and 
(2) optical path numbers assigned to the working optical 
paths are assigned to the K1 byte lying in the APS byte. 
Assigned to the K2 byte are (1) transmission node num- 
bers, (2) on and off of trigger and (3) switched status, 
i.e., an alarm indication signal(AIS), a far end receive 
failure (FERF), bridged and switched, bridged, and a 
normal state. The bridged indicated the completion of 
the bridging in the node which sent the message, and 
the bridged and switched indicated the completion of 



the bridging and switching in the node which sent the 
message. 

[0054] Further, the wavelength address map stores 
therein (1) optical path numbers, (2) connection nodes, 
(3) first priority protection optical paths, and (4) second 
priority protection optical paths. Incidentally, the trans- 
mission equipment connected according to the optical 
paths are designated for the (2) connection nodes. The 
first and second respective protection optical paths 
show priorities given to switching to the protection opti- 
cal paths. An example of the wavelength address map is 
shown in Fig. 10. Let's now consider an optical path 
number 1 illustrated in this example. If a connection 
node AB is taken, it is then intended for connection of a 
node A and a node B. When a given failure occurs in 
this transmission path or line, a priority is firstly attached 
to an optical path AB as a spare or protection optical 
path and a priority is firstly attached to an optical path 
ADCB as a spare or protection optical path. 
[0055] As a result, the overhead processing units 1 
sends the processed overhead to the corresponding 
optical path transmit-receive unit. The overhead 
processing units 1 dynamically updates data in the 
wavelength address map, based on the result of 
processing thereof. Further, the overhead processing 
units 1 switches a main signal for an optical path to the 
specified protection optical path, based on these results 
through the use of the path switching units 4. 
[0056] Specific various examples illustrative of a 
method of performing switching between optical paths 
employed in the entire wavelength division multiplexing 
survival network will next be explained. 

< Embodiment 1 > 

[0057] FIG. 5 is a diagram showing an example of a 
wavelength division multiplexing survival network of the 
present invention. This is an example in which respec- 
tive transmission equipment are connected in ring form 
by protection optical paths. 

[0058] Incidentally, the optical network according to 
the embodiment 1 does not originally depend on the 
number of nodes in principle. However, the present 
embodiment will be described by using a 4-node wave- 
length division multiplexing survival network for ease of 
illustration. 

[0059] The wavelength division multiplexing survival 
network comprises transmission equipment 1 1 through 
14, optical fibers 15 through 18, optical branch-insert 
equipment (commonly called optical path add-drop mul- 
tiplexers) 21 through 24, protection optical paths 31 
through 34, and working optical paths 41, 42, 44-1 and 
44-2. 

[0060] Each of the transmission equipment 1 1 through 
14 has an optical path transmit-receive unit and an opti- 
cal path branching and inserting (add-drop) function. 
Each transmission equipment has the ability to perform 
optical-path switching, based on this function. This 



15 



20 



25 



30 



35 



40 



45 



50 



8 



15 



EP0 969 619 A2 



16 



switching is done by a path switching units 4. In FIG. 4, 
the optical paths indicate bidirectional optical paths 
respectively. Since, however, the same optical fiber is 
utilized in the present example, the bidirectional optical 
paths make use of different optical wavelengths. 5 
[0061] The wavelength division multiplexing survival 
network is connected in ring form by the protection opti- 
cal paths 31 through 34 through the optical path add- 
drop functions. The working optical path 41 is termi- 
nated by the transmission equipment 1 1 and 12. 
[0062] Each of the optical path add-drop equipment or 
multiplexers principally comprises a wavelength division 
multiplexer (WDM), an optical crossconnect, an optical 
repeater, an optical filter, an optical switch or optical cir- 
culator, etc. This corresponds to equipment capable of 
providing add (insertion: Add) and drop (branch: Drop) 
or through (pass: Through). For example, a signal trans- 
mitted from the transmission equipment 1 1 to the trans- 
mission equipment 12 through the working optical path 
41 is first inserted into (added to) an optical path 41 in 
the optical path add-drop multiplexer 21. Further, the 
signal is allowed to branch off (drop) at the optical path 
add-drop multiplexer 22 through an optical path 14 on 
the optical fiber 15, followed by connection to the trans- 
mission equipment 12. 

[0063] The working optical path 44-2 shown in FIG. 5 
will be explained. The working optical path 44-2 trans- 
mits a traffic between the transmission equipment 11 
and 13. In such a case, the working optical path 44-2 
are connected to terminating sets or equipment in the 
transmission equipment 11 and 13 and optical path 
switching capacity or ability is provided within each 
transmission equipment. The optical fibers 17 and 18 
are connected to each other through the optical path 
add-drop multiplexer 24. At this time, the working optical 
path 44-2 passes through the optical path add-drop 
multiplexer 24. Accordingly, the working optical path 44- 
2 and the transmission equipment 14 are not connected 
to each other. 

[0064] A method of increasing optical paths will next 
be described. In the embodiment 1, the optical paths 
can be increased in number by simply providing sets or 
equipment for terminating a working optical path within 
transmission equipment in which traffics have 
increased. 

[0065] Now consider where the traffics increase 
between the transmission equipment 1 1 and the trans- 
mission equipment 14. At this time, the provision of opti- 
cal-path terminating sets or equipment within the 
transmission equipment 1 1 and 14 allows an increase in 
the working optical path as designated at numeral 44-1. 
Namely, it is unnecessary to additionally provide physi- 
cal paths or lines. Incidentally, the optical path add-drop 
multiplexers 21 and 24 need the function of allowing 
each optical path to branch off and inserting it (adding 
and dropping it) as a matter of course. 
[0066] Thus, the increase in working optical path 
makes it possible to increase transmission capacity 



without the need for an additional increase in optical 
fiber. Therefore, the present embodiment can reduce an 
add-on cost and is excellent in cost performance. When 
a plurality of optical paths are transmitted through a sin- 
gle optical fiber, the known wavelength division multi- 
plexing technology (or frequency division multiplexing 
technology) is used. 

[Method of performing switching between optical paths] 

[0067] An optical path switching method will next be 
described. This is a processing method used where a 
signal for the working optical path 41 is degraded (sig- 
nal degrade) or brought to a malfunction (signal failure) 
due to a failure or fault resultant from a breakdown or 
the like in optical trans m it-receive unit, for example. 
[0068] In this case, the signal for the working optical 
path 41 is transmitted using a protection optical path. 
There are the following two choices as routes for the 
protection optical path used at this time. A first priority 
route is a route for the protection optical path 31 and a 
second priority route is a route corresponding to the 
protection optical paths 32 - 33 - 34. The former is nor- 
mally called "span switching" and the latter is normally 
called "ring switching". It is necessary to determine in 
advance whether either of the two changeovers is pref- 
erentially selected. Priorities for the selection of the two 
switching routes are stored in the aforementioned wave- 
length address map. 

[0069] The above-described overhead processing is 
performed by reference to the present wavelength 
address map so that the selection of the optical paths is 
done. The ring switching is set so as to make its attempt 
after the span switching has been attempted. The 
switching to the protection optical path 31 will be first 
done in the above-described example. If the protection 
optical path 31 is put out of action or unavailable due to 
the cutting or the like of the optical fiber 1 5, then the pro- 
tection optical paths 32 through 34 are used to perform 
the ring switching. 

[0070] When the protection optical paths are con- 
nected in ring form in this way, protection or spare 
routes extending in clockwise and counterclockwise 
directions can be selected, so that availability and the 
efficiency of healing can be improved. 
[0071] FIG. 6 is a diagram showing a specific example 
of the optical path add-drop multiplexer related to the 
present invention. FIG. 6 shows the application of the 
present invention to the optical path add-drop multi- 
plexer 24 of FIG. 5 in particular. The present optical path 
add-drop multiplexer comprises wavelength division 
multiplexers 24-1 and 24-2, a repeater 24-3 and an opti- 
cal crossconnect 24-4. 

[0072] A working optical path 44-2 and a protection 
optical path 33 are sent to the optical fiber 17. The opti- 
cal paths 43 (X 1) and 33 are respectively connected to 
the repeater 24-3 and the optical crossconnect 24-4 
through the wavelength division multiplexer 24-2. Work- 
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ing optical paths 43 (X 2) and 43 (X 1) and a protection 
optical path 34 are transmitted to the optical fiber 18. 
The optical paths 43 (X 2), 43 (X 1) and 34 pass through 
the wavelength division multiplexer 24-1. Thereafter, the 
optical path 43 (X1) is connected to the repeater 24-3, 
whereas the optical paths 43 (X2) and 34 are connected 
to the optical crossconnect 24-4. The optical paths 43 
(X2), 33 and 34 are connected to the transmission 
equipment 14 through the optical crossconnect. In other 
words, the optical path 43 (X1) passes through the opti- 
cal path add-drop multiplexer 24 and the optical paths 
33, 34 and 43 (X2) branch off and are inserted (added 
and dropped) at the optical path add-drop multiplexer 
24. 

< Embodiment 2 > 

[0073] FIG. 7 is a diagram showing an embodiment 2 
of a wavelength division multiplexing survival network 
according to the present invention. The present embod- 
iment shows an example in which respective transmis- 
sion equipment are connected to one another in a 
straight chain form by protection optical paths. Inciden- 
tally, the optical network according to the embodiment 2 
does not originally depend on the number of nodes in 
principle. 

[0074] The present wavelength division multiplexing 
survival network comprises transmission equipment 1 1 
through 14, optical fibers 15 through 17, optical path 
add-drop multiplexers 21 through 24, protection optical 
paths 31 through 33, and working optical paths 41-1, 
41-2, 42 and 43. A specific configuration of the optical 
path add-drop multiplexer is similar to that described in 
the embodiment 1. Each of the transmission equipment 
has an optical path transmit-receive unit and an optical 
path branching and inserting (add-drop) function. As a 
result, each transmission equipment has the ability to 
perform optical-path switching. 

[0075] The wavelength division multiplexing survival 
network undergoes the add-drop functions of the 
respective transmission equipment within the respective 
transmission equipment and is connected in a straight 
chain form by the protection optical paths 31 through 
33. When a failure occurs, the protection optical paths 
31 and 32 are used as an alternative to the working opti- 
cal path 41-2. Namely, the working optical path 41-2 
shares the use of the working optical paths 41-1 and 42 
and the protection optical paths 31 and 32. Thus, the 
sharing of the protection optical paths between a plural- 
ity of working optical paths allows a reduction in the cost 
of a protection system. Since other basic elements are 
similar to those employed in the embodiment 1, their 
description will be omitted. 

(Embodiment 3) 

[0076] FIG. 8 is a diagram showing an embodiment 3 
of a wavelength division multiplexing survival network 



according to the present invention. In the present 
embodiment 3, two optical fibers are used to connect 
between transmission equipment 11 and 12. 
[0077] The wavelength division multiplexing survival 

5 network comprises transmission equipment 1 1 through 
14, optical fibers 16 through 20, optical path add-drop 
multiplexers 21 through 24, protection optical paths 31 
through 34, and working optical paths 41-1, 41-3, 42, 43 
and 44. The protection optical path 31 is connected via 

w an optical fiber 20 and the working optical paths 41-1 
and 41-3 are connected via an optical fiber 19. A spe- 
cific configuration of each optical path add-drop multi- 
plexer is similar to that described in the embodiment 1 . 
[0078] As described above, the wavelength division 

15 multiplexing survival network according to the present 
invention depends on only the form of connection of 
each optical path but does not depend on the form of 
connection of a physical medium such as an optical 
fiber. In other words, since it does not depend on the 

20 form of connection of each optical fiber, the already- 
existing optical fiber can be utilized without the need for 
additional installations or the like. 
[0079] Now consider where a failure occurs in the opti- 
cal fiber 19. When the optical fiber 19 is cut off, for 

25 example, the working optical paths 41-1 and 41-3 are 
also cut off. As one example of their healing, the follow- 
ing is considered: The protection optical path 31 is used 
to heal the working optical path 41-1 and the protection 
optical paths 32 through 34 are used to perform ring 

30 switching, thereby making it possible to heal the working 
optical path 41-3. Namely, if the protection optical paths 
and the working optical paths are transmitted through 
different optical fibers, the efficiency of healing of a fail- 
ure such as cutoff of the optical fiber or the like is 

35 improved. Thus, the wavelength division multiplexing 
survival network according to the present invention is 
capable of constructing a network in consideration of 
the healing efficiency and provides flexibility for the con- 
struction of the network. 

40 

(Embodiment 4) 

[0080] FIG. 9 is a diagram showing an embodiment 4 
of a wavelength division multiplexing survival network 
45 according to the present invention. The embodiment 4 
corresponds to an example in which respective trans- 
mission equipment are connected to one another in ring 
form. 

[0081] The wavelength division multiplexing survival 
so network comprises transmission equipment 11 through 
14, optical fibers 15 through 18, optical path add-drop 
multiplexers 21 through 24, protection optical paths 31 
through 34, and working optical paths 41-1, 41-2, 42-1, 
42-2, 43-1, 43-2, 44-1 and 44-2. 
55 [0082] In the embodiment 4, the working optical paths 
41-1, 42-1, 43-1 and 44-1 are connected in a ring form 
through the transmission equipment 11 through 14. 
Similarly, the working optical paths 41-2, 42-2, 43-2 and 
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44-2 are also connected in a ring form through the 
transmission equipment 11 through 14. Thus, the ring 
network can be constructed by the working optical 
paths. In the present embodiment, the two ring net- 
works are formed by the working optical paths. The 5 
respective working optical paths are transmitted 
between the respective transmission equipment 
through the use of the same optical fiber. Further, the 
respective ring networks can be also designed so that 
the working optical paths are transmitted by different 10 
optical fibers. 

[a. Optical path switching system] 

[0083] An optical path switching system for imple- 15 
menting optical-path switching will next be described 
using the present embodiment. Digital transmission is 
normally done in frame units and the overhead of each 
transmission frame is standardized by the synchronous 
digital hierarchy (SDH) or synchronous optical network 20 
(SONET) or the like. An automatic protection switching 
byte (APS byte) lying within the overhead is assigned for 
automatic switching control. The APS byte has two 
bytes: so-called |~K1 bytej and [K2 bytej . 
[0084] When switching is done by the present wave- 25 
length division multiplexing survival network, it is neces- 
sary to transmit switching information including failure 
states of optical paths, wavelength address information 
thereof and information about switched states. The spe- 
cific contents of the switching information may include at 30 
least [significance or importance of failure] , [optical 
path numberj , ("transmit node numberj and [switched 
statej . The [significance of failurej corresponds to 
information about the failure state of each optical path. 
The [optical path numberj and [transmit node numberj 35 
respectively correspond to the wavelength address 
information of each optical path. The [switched statej 
corresponds to the information about the switched state 
of each transmission equipment. [Type of signalj will be 
defined to allow more flexible switching. 40 
[0085] The [significance of failurej indicates a priority 
for switching between the optical paths, which deter- 
mined from the significance of traffics, and the degree of 
deterioration in signal based on the measurement of an 
error rate, etc. When failures occur in a plurality of opti- 45 
cal paths, the switching priority is used to determine the 
significance. The [optical path numberj indicates infor- 
mation for discriminating between the working optical 
path and the protection optical path. The [transmit node 
numberj indicates information indicative of a node (opti- so 
cal transmission equipment) which has sent switching 
information therefrom. The [switched statej indicates 
information indicative of a switched state of the node 
having sent the switching information. The [type of sig- 
nalj indicates information indicative of a trigger used for 55 
a switching start or a signal for performing only informa- 
tion transfer for purpose of a switching start. The K1 and 
K2 bytes transmitted through the protection optical 



paths are used for communications of such switching 
information. 

[b. Example of use of APS byte] 

[0086] An example of the use of the APS byte will next 
be explained. 

[0087] FIG. 4 is a diagram showing an example of the 
use of the APS byte employed in the present invention. 
The drawing shows an example in which switching infor- 
mation is assigned to the APS byte. For instance, the 
[significance of failurej and [optical path numberj are 
assigned to the K1 byte. They are assigned thereto by 
four bits respectively. The [transmit node numberj , 
[type of signalj and [switched statej are assigned to the 
K2 byte. They are assigned thereto by four bits respec- 
tively. When they are respectively assigned thereto in 
this way, 16 types of failure states, the number of optical 
paths corresponding to 16 paths (protection optical 
path: 1 and working optical paths corresponding to it: 
15), the number of nodes corresponding to 16 nodes, 
two types of signals, and eight types of switched states 
can be assigned to the bytes. 

[c. How to allocate wavelength addresses] 

[0088] FIG. 1 1 is a diagram for describing the way to 
assign wavelength addresses related to the present 
invention. A configuration of an optical network is similar 
to that shown in FIG. 5. 

[0089] A wavelength address map includes numbers 
of respective optical paths, states of connecting nodes, 
a first priority protection optical path and a second prior- 
ity protection optical path as described with reference to 
FIG. 10. The optical path number depends on only the 
state of connection of each transmission equipment but 
does not depend on the wavelength and the state of 
connection of an optical fiber, etc. When the working 
optical path makes use of the same protection optical 
path, it is necessary to allocate optical path numbers so 
as not to overlap. The first priority protection optical path 
corresponds to an optical path to be firstly switched 
when it is desired to heal a working optical path in which 
a failure occurs. When the first priority protection optical 
path cannot be used, an attempt to perform switching to 
the second priority protection optical path is made. 
[0090] It is necessary to store these information in 
wavelength address maps lying within respective trans- 
mission equipment upon construction of a network. For 
example, a working optical path 41 is assigned an opti- 
cal path number of [1 J , a connecting node [ABj , a first 
priority protection optical path [ABj , and a second pri- 
ority protection optical path [ABCDj . Since a working 
optical path 44-2 shares the use of a protection optical 
path 34, a working path 41-1 is assigned an optical path 
number [2j . 

[0091] A method of utilizing the wavelength address 
map will next be described. 
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[0092] When a failure occurs in the optical path 41 in 
a state shown in FIG. 11, for example, switching infor- 
mation is transferred or communicated between the 
transmission equipment A and B to thereby determine a 
switching route. At this time, switching to a first priority 5 
protection optical path 31 is first done according to the 
wavelength address map. As a result, the protection 
optical path 31 is used if the switching is allowed. If the 
switching is not permitted, in other words, when the pro- 
tection optical path 31 is already used, or a failure 1C 
occurs in the protection optical path 31 and hence the 
protection optical path 31 is unavailable, an attempt to 
perform switching to the second priority protection opti- 
cal paths 32, 33 and 34, which is connecting between 
the transmission equipment A, B, C and D, is made. 15 
[0093] At this time, the wavelength address map is 
renewed in the following manner. An optical path 
number f"lj indicative of the optical path 41 and the 
state of the connecting node TabJ are changed to a 
Tsignal failure] . When the first priority protection optical 20 
path 31 is used upon restoration of the failure, the state 
of the first priority protection optical path for the optical 
path 41 results in [occupied] . Thus, all the protection 
optical paths for which the optical path 31 is used, are 
changed to Unavailable] . In FIG. 11, the renewal of 25 
data in the wavelength address map in the present 
example is illustrated as ["before change in data in wave- 
length address mapj and Tarter change in data in wave- 
length address mapj , for instance. 

30 

[d. Treating process of APS byte] 

[0094] FIG. 12 is a flowchart for describing a process 
for treating an APS byte employed in the present inven- 



1. Transmission equipment having detected a fail- 
ure determines whether the APS byte is a pattern 
indicative of failure information (S1). 

2. When it shows the failure pattern, the transmis- 40 
sion equipment makes a decision as to whether or 

not the APS byte is destined for its own transmis- 
sion equipment (S2). 

3. When the answer is found to be YES in S2, the 
transmission equipment starts switching to a pro- 45 
tection optical path (S3). When the answer is found 

to be NO in S2, the transmission equipment trans- 
fers the APS byte to transmission equipment adja- 
cent thereto by way of the protection optical path 
(S4). 

4. The control means 3 performs these decisions 
while referring to a wavelength address map. 

[0095] A description will be made of the exchange of 
an APS signal between transmission equipment. 55 
[0096] FIG. 1 3 is a diagram showing an example of a 
timing chart for the APS byte employed in the present 
invention. 



[0097] A description will now be made of an example 
of a failure in the working optical path 44-2 shown in 
FIG. 10 by way of example. 

[0098] Firstly, signals 1 through 4 indicate a steady 
state of a failure at time TO. T#0j indicates a protection 
optical path and TnrJ indicates a normal state. fSj indi- 
cates a signal other than a switching trigger. ["idle J indi- 
cates a state free of switching. These are represented 
as signals 1, 2, 3 and 4 of K1 and K2 bytes shown in 
FIG. 13. Signs or marks respectively corresponding to 
numerals indicative of transmit signals in the timing 
chart shown in FIG. 13 are respectively given to the K1 
and K2 bytes. 

1. Now consider where transmission equipment A 
has detected TSFj indicative of a failure of the work- 
ing optical path 44-2 at time T1 . The term fSFj is a 
failure state in which a switching priority has been 
determined as high as a result of the determination 
of a failure by a bit error rate (abbreviated as BER) 
measurement or the like. The node A having 
detected the failure transmits switching information 
including a failure state, wavelength address infor- 
mation and a switched state to nodes B and D adja- 
cent thereto (signal 5). At this time, the node A 
sends a serious failure TSFj as the failure state, and 
transmits Tr/idleJ indicative of a switching request 
as wavelength address information according to an 
optical path number |~1 J , a transmission node [ Aj , 
a combination of the type of signal and a switched 
state. 

The node D having received the switching infor- 
mation first determines the switching information as 
being a failure pattern (This decision corresponds 
to S1 in the flowchart shown in FIG. 12 and is simi- 
lar subsequently). 

2. A decision is next made as to a node to receive 
the switching information by reference to a wave- 
length address map held by each transmission 
equipment (S2). 

3. Since the node to receive the switching informa- 
tion is found to be C from the result of decision, it is 
transferred to an adjacent node C (S4). 

4. Further, the node C having received the switch- 
ing information makes a decision about the failure 
pattern (S1) and thereafter determines the destina- 
tion node as a node which received it, by reference 
to the wavelength address map (S3). As a result, 
the switching to a route ADC corresponding to a 
first priority protection optical path, i.e., protection 
optical paths 33 and 34 is started (S3). 

5. The node C transmits a serious failure T SFj as a 
failure state and sends Tr/BrJ indicative of a switch- 
ing response as wavelength address information 
according to an optical path number Tl J , a trans- 
mission node TcJ , a combination of the type of sig- 
nal and a switched state (signal 6). 

6. The node A, which has received the switching 
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a plurality of pieces of transmission equipment 
(9); and 

a plurality of optical paths which connect said 
plurality of pieces of transmission equipment 
5 (9) to one another; 

wherein said optical paths are used as working 
optical paths (8) or protection optical paths (7), 
and wavelengths of predetermined transmis- 
sion light are assigned to said optical paths to 
10 perform wavelength division multiplexing digital 

transmission, and 

said plurality of optical paths have optical paths 
which connect said plurality of pieces of trans- 
mission equipment (9) in a straight chain form. 

15 

2. The optical network according to claim 1, further 
including at least optical paths connecting said 
transmission equipment (9) in a ring form and 
wherein said optical paths are capable of being 

20 used as protection optical paths (7). 

3. The optical network according to claim 1, further 
including at least optical paths connecting said 
transmission equipment (9) in a straight chain form, 

25 and wherein said optical paths are capable of being 
used as protection optical paths (7). 

4. The optical network according to claims 1 , 2 and 3, 
wherein a ring network constructed by said working 

30 optical paths is provided at least two. 

5. A time-division multiplex transmission optical net- 
work, comprising at least: 

35 a plurality of pieces of transmission equipment 

(9); and 

a plurality of optical paths which connect said 
plurality of pieces of transmission equipment 
(9) to one another, 
40 wherein said optical paths are used as working 

optical paths (8) or protection optical paths (7), 
and said plurality of optical paths are assigned 
predetermined time division multiplex signals 
and at least a transmission frame having over- 
45 head information is used to perform digital 

transmission, and 

said plurality of optical paths include optical 
paths which connect said plurality of pieces of 
transmission equipment (9) in a straight chain 
so form. 



response, makes the completion of switching and 
sends Tr/S&Bj indicative of the completion of 
switching to the node C according to the combina- 
tion of the type of signal and the switched state (sig- 
nal 7). 

7. The node C, which has received the completion 
of switching, also terminates switching and trans- 
mits the gist thereof to the node A (signal 8). 

[0099] Since the failure information is sent even to the 
transmission equipment B irrelevant to the switching, 
the nodes A and C send fs/S&Bj indicative of informa- 
tion transmission according to the combination of the 
type of signal and the switched state (signals 7s and 
8s). The node B having received this signal updates the 
information in the wavelength address map. This makes 
it possible to perform a high-speed switching decision 
when a failure is newly developed, for example, thereby 
shortening a switching time interval. 
[0100] Time T2 indicates an APS signal at the time 
that the working optical path 44-2 is healing a traffic 
through the use of the protection optical paths 33 and 
34. 

[0101] The optical network according to the invention 
of the present application can provide a self-healing 
optical network capable of flexibly selecting protection 
optical paths upon the occurrence of a failure without 
depending on the form of installation of an optical trans- 
mission line, e.g., an optical fiber. 
[0102] The optical network according to the invention 
of the present application is capable of improving the 
efficiency of use of an optical transmission line, e.g., an 
optical fiber employed therein. 

[0103] Namely, since the optical network according to 
the invention of the present application is not affected by 
the installation form, optical paths can be flexibly strung 
according to the capacity of a traffic. As a result, the effi- 
ciency of usage of the optical fiber can be improved and 
the installation of repeaters by through nodes allows 
flexible construction of a network. Further, the network 
can be reduced in cost. It is also possible to cause the 
selection of the protection optical paths at the failure to 
have flexibility and perform high-speed switching. 
[0104] While the present invention has been 
described with reference to the illustrative embodi- 
ments, this description is not intended to be construed 
in a limiting sense. Various modifications of the illustra- 
tive embodiments, as well as other embodiments of the 
invention, will be apparent to those skilled in the art on 
reference to this description. It is therefore contem- 
plated that the appended claims will cover any such 
modifications or embodiments as fall within the true 
scope of the invention. 

Claims 55 

1. An optical network, comprising at least: 



6. The optical network according to claim 5, further 
including at least optical paths connecting said plu- 
rality of pieces of transmission equipment (9) in a 
ring form, and wherein said optical paths are capa- 
ble of being used as protection optical paths (7). 

7. The optical network according to claim 5, further 
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including at least optical paths connecting said plu- 
rality of pieces of transmission equipment (9) in a 
straight chain form, and wherein said optical paths 
are capable of being used as protection optical 
paths (7). 5 

8. The optical network according to claims 5, 6 and 7, 
wherein a ring network constructed by said working 
optical paths is provided at least two. 

10 

9. A wavelength division multiplexing optical network, 
comprising at least: 

a plurality of pieces of transmission equipment 
(9), and 15 
optical paths which connect said plurality of 
pieces of transmission equipment (9) to one 
another, 

wherein said optical paths are assigned wave- 
lengths of predetermined transmission light 20 
and at least a transmission frame having over- 
head information is used to perform digital 
transmission, 

said overhead information has switching con- 
trol information about a failure, and 25 
said each transmission equipment (9) has 
memory means (2) constituting a wavelength 
address map for storing therein at least infor- 
mation of wavelength addresses on said 
respective optical paths and failure information 30 
on said respective optical paths, and is con- 
structed such that when a failure occurs in a 
working optical path (8), optical-path switching 
is done based on the switching control informa- 
tion about the failure, the wavelength address 35 
information and the failure information on the 
optical paths. 

10. A wavelength division multiplexing optical network, 
comprising at least: 40 



26 

mation of wavelength addresses on said 
respective optical paths and failure information 
on said respective optical paths, and is con- 
structed such that when a failure occurs in a 
working optical path (8), the working optical 
path is switched to a protection optical path (7), 
based on the switching control information 
about the failure, the wavelength address infor- 
mation and the failure information on the opti- 
cal paths. 

11. The optical network according to claims 9 and 10, 
which is a SDH (Synchronous Digital Hierarchy) 
network. 

12. The optical network according to claims 9 and 10, 
which is a SONET (Synchronous Optical Network) 
network. 

13. The optical network according to claims 9 and 10, 
further including at least optical paths connecting 
said transmission equipment (9) in a ring form, and 
wherein said optical paths are capable of being 
used as protection optical paths (7). 

14. The optical network according to claims 9 and 10, 
further including at least optical paths connecting 
said transmission equipment (9) in a straight chain 
form, and wherein said optical paths are capable of 
being used as protection optical paths (7). 

15. The optical network according to claims 9 and 10, 
wherein the two or more of said optical paths are 
placed in one optical transmission line. 

16. The optical network according to claims 9 and 10, 
wherein a ring network constructed by said working 
optical paths (8) is provided at least two. 

17. An optical network, comprising at least: 

a plurality of pieces of transmission equipment 
(9); and 

a plurality of optical paths which connect said 
plurality of pieces of transmission equipment 
(9) to one another, 

wherein at least two of said optical paths are 
placed in one optical transmission line and at 
least a transmission frame having overhead 
information is used to perform digital transmis- 
sion, thereby allowing signal multiplexing trans- 
mission, and 

said plurality of optical paths include a plurality 
of optical paths connecting said plurality of 
pieces of transmission equipment (9) in a 
straight chain form. 

18. A wavelength division multiplexing survival net- 



a plurality of pieces of transmission equipment 
(9); and 

optical paths which connect said plurality of 
pieces of transmission equipment (9) to one 45 
another, 

wherein said optical paths are used as working 
optical paths (8) or protection optical paths (9) 
and are assigned wavelengths of predeter- 
mined transmission light, so 
and at least a transmission frame having over- 
head information is used to perform digital 
transmission, 

said overhead information has switching con- 
trol information about a failure, and 55 
said each transmission equipment has mem- 
ory means (2) constituting a wavelength 
address map for storing therein at least infor- 
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work, comprising at least: 

several pieces of transmission equipment (9); 
working optical paths (8) which connect said 
transmission equipment (9) to one another and 5 
are assigned optical wavelengths; and 
protection optical paths (7) which connect said 
transmission equipment and are assigned opti- 
cal wavelengths, 

wherein said each transmission equipment (9) 10 
has memory means (2) constituting a wave- 
length address map for storing therein at least 
information of wavelength addresses and fail- 
ure information on said respective optical 
paths, 15 
and performs digital transmission by using at 
least a transmission frame having overhead 
information, and 

said network is constructed so as to be capable 

of performing the following switching determin- 20 

ing steps: 

(1) a step 1 for determining whether an 
automatic protection switching byte of said 
overhead information shows a failure pat- 25 
tern, 

(2) a step 2 for determining whether the 
automatic protection switching byte of said 
overhead information is destined for the 
transmission equipment (9) which received 30 
the same, 

(3) a step 3 for starting a switching opera- 
tion when the automatic protection switch- 
ing byte is destined for the transmission 
equipment (9) which received the same, 35 
and 

(4) a step 4 for transferring the automatic 
protection switching byte when the auto- 
matic protection switching byte is undes- 
tined for the transmission equipment which 40 
received the same. 



22. The optical network according to claim 7, 
wherein said optical paths connect plurality of said 
transmission equipments (9) in form of mesh-like 
and said optical paths are served as a working line. 

23. The optical network according to claim 13, 
wherein said optical paths connect plurality of said 
transmission equipments (9) in form of mesh-like 
and said optical paths are served as a working line. 

24. The optical network according to claim 14, 
wherein said optical paths connect plurality of said 
transmission equipments (9) in form of mesh-like 
and said optical paths are served as a working line. 

25. The optical network according to claims 1 to 18, 
wherein the switching information includes at least 
wavelength addresses for working optical paths 
and switched states of transmission equipment (9). 

26. The optical network according to claims 1 to 19, 
wherein the switching information includes at least 
wavelength addresses for working optical paths 
highest in importance and switching states of trans- 
mission equipment. 

27. The optical network according to claims 1 to 20, 
wherein the switching information includes at least 
numbers of working optical paths highest in impor- 
tance, numbers of transmission equipment which 
transmitted the switching information, and switched 
states of the transmission equipment (9). 



19. The optical network according to claim 2, 

wherein said optical paths connect a plurality of 
said transmission equipment (9) in form of mesh- 45 
like and said optical paths are served as a working 
line. 



20. The optical network according to claim 3, 

wherein said optical paths connect plurality of said so 
transmission equipments (9) in form of mesh-like 
and said optical paths are served as a working line. 



21. The optical network according to claim 6, 

wherein said optical paths connect plurality of said 55 
transmission equipments (9) in form of mesh-like 
and said optical paths are served as a working line. 
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